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(54) SEMICONDUCTOR DEVICE HAVING CONTACT RESISTANCE REDUCING LAYER 

(57)Abstract 

PURPOSE: To reduce contact resistance by forming a multilayered film 
wherein GaPN thin films different in composition are alternately laminated 
between an AIGeInN based layer and an electrode. 
CONSTITUTION: The growth of mixed crystal of GaPN intermediate 
composition is difficult because of existence miscibility gap. By laminating 
superlattice composed of Gap rich thin films and GaN rich thin films, band 
structure equivalent to GaPN bulk can be realized. In order to reduce 
contact resistance in wide band gap semiconductor, a multilayered film 
formed by laminating GaPxNI-x (x>0.9) thin films and GaPyNl-y (y<0.1) 
thin films whose band gaps are small or equal to zero are inserted. 
Thereby although the carrier concentration can not be made very high, a 
potential barrier formed between an electrode and a surface layer is 
remarkably reduced, and ohmic contact is very easily obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



CCIaim(s)] 

[Claim 1] The semiconductor device characterized by having the multilayers which carried out the laminating of 1-GaPxNx 
(x>=0.9) layer of a thin film, and the GaPyNI-y (y<=0.1) layer of a thin film by turns between the layers and electrodes 
which consist of an AIGaInN system. 

[Claim 2] The semiconductor device according to claim 1 whose thick layer per period of said GaxP1-xN (x>=0.9) layer and 
a GaPyNI-y (y<=0.1) layer is ten or less molecular layers. 

[Claim 3] The semiconductor device according to claim 1 or 2 whose layer which consists of this AIGaInN system is p 
mold. 



[Translation done.] 
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* NOTICES * 

JPO and INPtT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this Invention relates to the semiconductor device which reduced especially contact 
resistance greatly about a semiconductor device about light emitting devices, such as blue which used the gallium nitride 
system ingredient - green light emitting diode, and blue - green laser diode. 
[0002] 

[Description of the Prior Art] There is that of a **** better potato in progress of a raise in the brightness of the latest 
blue and green light emitting diode (LED), and the ZnSSe system and the AIGaInN system are used as an ingredient When 
high concentration p mold doping to growth and the GaN system of the quality gallium nitride (GaN) system compound 
semiconductor film to a substrates top. such as sapphire and SiC, was attained now, the blue light emitting diode of high 
brightness is realized, and double hetero structure as shown in drawing 2 is used. 
[0003] 

[Problem(s) to be Solved by the Invention] H owever, since GaN (Eg=3.39eV) of a wideband gap is used for the surface 
contact layer, a potential barrier with an electrode tends to become large, and this causes the increment in operating 
voltage (in the case of drawing 3 and n mold, for Fermi level and EV. the energy of the bottom of a valence band and qphiB 
are [ EC / the energy of the bottom of a conduction band, and EF ] a potential barrier). There is the technique of inserting 
first the layer which carried out the heavy dope directly under an electrode, namely, forming metal-n+-n and the structure 
metal-p+-p Becoming with such a wideband gap semi-conductor, in order to lower contact resistance (when it is drawing 
4 . however n mold). Although hole concentration can dope to the high concentration of 1019 sets in the n mold GaN, on 
the other hand, it enters only to 1017-set level by the present condition with p mold GaN doping. For this reason, 
especially the layer that consists of a p mold AIGaInN is difficult for implementation of sufficiently low contact resistance. 
The increment in this operating voltage leads to generation of heat of a component, and poses a big problem in respect of 
a life. 
[0004] 

[Means for Solving the Problem] We hit producing the AIGaInN system LED by MOCVD or the MBE method. The 
multilayers which carried out the laminating of 1 -GaPxNx (x>=0.9) layer of a thin film and the GaPyNI -y (y<=0.1) layer of a 
thin film for the layer which consists of an InAIGaN system by turns between electrodes are inserted. By inserting sard 1- 
GaPxNx (x>=0.9) layer and 1-GaPxNx (x<=0.1) layer whose thick layer per period is ten or less molecular layers more 
preferably, it came to solve the above-mentioned technical problem. 

[0005] Whether it makes P presentation increase from GaN or makes N presentation increase from GaP, a band gap 
decreases, and GaPN mixed crystal has the special band structure that a band gap will become zero by middle 
presentation. However, mixed crystal of a middle presentation is made difficult [ growth ] for the existence of a MISSHI 
kinky thread tee gap. Then, the same band structure as GaPN bulk is realizable by carrying out the laminating of the 
superlattice which consists of GaP Rich's thin film, and GaN Rich's thin film. Then, with a wideband gap semi-conductor, in 
order to lower contact resistance By inserting the multilayers which carried out the laminating of 1-GaPxNx (x>=0.9) layer 
of a thin film and the GaPyNl-y (y<=0.1) layer of a thin film which are zero or a band gap is very small by turns Even if it 
cannot make carrier concentration very high, the potential barrier formed between an electrode and a surface layer is 
reduced sharply, and it very becomes easy to take ohmic contact (in the case of drawing 5 , however n mold). 
[0006] Especially with [ the number of the layers of the multilayers in this case ] two [ more than ] (one period), it is not 
limited, but it is five or more periods preferably. Moreover, what is necessary is just to set it as arbitration in the range 
which does not produce problems, such as resistance, especially in many parts. In addition, with the layer which consists 
of an AIGaInN system in this specification, the presentation of aluminum or In shall contain the thing of 0. 
[0007] Hereafter, although this invention is explained more to a detail using an example, this invention is not limited to an 
example, unless the summary is exceeded. 

(Example) The configuration of the equipment used for growth of this invention prepares a substrate conveyance room in 
the center, as shown in drawin g 6 , and it has installed one substrate operating room and three reduced pressure MOCVD 
systems. A deposition chamber 1 is the usual MOCVD system, and is used for growth of an AIGaInN system compound 
semiconductor. Although a deposition chamber 2 is also the usual MOCVD system, it uses for growth of groups m-V 
semiconductor other than an AIGaInN system. A deposition chamber 3 can understand a raw material by the radical by 
microwave excitation, and uses it for the nitriding on the front face of a substrate, and growth of an AIGaInN system 
compound. A growth procedure is shown for the epitaxial wafer of structure as shown in drawing 1 . 
[0008] First, silicon on sapphire is introduced into a deposition chamber 3. and carries out a heating temperature up. In 
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500-degreeC, radical nitrogen is supplied to a substrate front face by microwave excitation by using nitrogen gas (N2) as a 
raw material before growth, and the process which makes a surface oxygen (O) atom permute by N atom, i.e., nitriding, is 
performed. On this front face, 20nm of GaN buffer layers is grown up. Then, a substrate is cooled and a substrate is 
moved to a deposition chamber 1 through a conveyance room. It heats at the growth temperature C of 1000 degrees, and 
sequential growth of 4 micrometers of n mold GaN buffer layers. 1 micrometer of n mold aluminum0.2Ga0.8N cladding 
layers, 0.1 micrometers of Zn dope In0.1Ga0.9N barrier layers, 1 micrometer of p mold aluminum0.2GaO.8N cladding layers, 
and the 1 nnicrometer of the p mold GaN contact layers is carried out on said epitaxial film growth substrate. At this time, 
hydrogen was used for carrier gas and trimethylgaliium (TMG), trimethylaluminum (TMA), and trimethylindium (TMI) were 
used for III group material gas. Although ammonia (NH3) is generally used for V group raw material, organic metals, such as 
dimethylhydrazine with the sufficient decomposition effectiveness in low temperature and horse mackerel-ized ethyl, may 
be used for reduction of growth temperature. Si or germanium was used for n mold dopant, and Mg or Zn was used for p 
mold dopant If needed, it continues after growth, and heat-treats in the growth interior of a room, and a carrier is 
activated. Then, a substrate is cooled and a substrate is moved to a deposition chamber 2 through a conveyance room. A 
substrate is heated to 700-degreeC and the superlattice which carried out 10 period laminating of GaP of thickness 1 
molecular layer and the GaN of thickness 3 molecular layer by turns on said epitaxial film growth substrate is grown up as 
a contact resistance reduction layer. At this time, hydrogen was used for carrier gas and NHS and a phosphine (PH3) were 
used for V group raw material for TMG at in group material gas. Although said GaP0,25N0.75 contact- re si stance reduction 
layer will enlarge the absorption of light which emitted light when it was made not much thick, it is very effective in 
reduction of contact resistance like the above-mentioned example also at a very thin thin film without the effect of light 
absorption. Moreover, since this contact resistance reduction layer has very small resistivity, the role which extends a 
current on a front face is also given sure enough. 

[0009] Thus, the electrode was formed in the front— face side and the grown~up epitaxial wafer was processed into the 
chip. When this chip was assembled as light emitting diode and made to emit light, in 20mA of forward current, the 
luminescence wavelength of 420nm. and 800 microwatts of radiant power outputs and a very good value were acquired. At 
this time, operating voltage was 3.4V and operating voltage was 4.0V in the conventional light emitting diode in which the 
electrode was formed on the p-GaN front face produced for the comparison. Reduction of this operating voltage meant 
the fall of generation of heat of the component itself and has improved the life of a component greatly. 
[0010] Although the above-mentioned example was about light emitting diode, it cannot be overemphasized as well as 
there being the same effectiveness also as semiconductor laser that improvement in the same property is obtained also in 
other semiconductor devices. 
[0011] 

[Effect of the Invention] When the semiconductor device which reduced resistance between an AIGaInN system semi- 
conductor layer and an electrode is obtained and this is used as luminescence equipment by this invention, operating 
voltage can be reduced greatly and the property of the AIGaInN system light emitting device of ultraviolet - red and the 
life of a component can also be improved sharply. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the explanatory view showing an example of the semiconductor device of this invention. 
iPrawing 2] Drawing 2 is the explanatory view showing an example of the conventional semiconductor device. 
[Drawing 3] Drawing 3 is the explanatory view of the energy band at the time of installing a direct electrode on the 
conventional AIGaInN system semi-conductor layer. 

[Drawing 4] Drawing 4 is the explanatory view of the energy band at the time of preparing a heavy dope layer on the 
conventional AIGaInN system semi-conductor layer, and installing an electrode on it. 

[Drawing 5] Drawipg g is the explanatory view of the energy band at the time of inserting the multilayers which carried out 
the laminating of 1-GaPxNx (x>=0.9) layer of a thin film, and the GaPyNI-y (y<=0.1) layer of a thin film by turns, and 
installing an electrode on the AIGaInN system semi-conductor layer of this invention. 
[Drawin g 6] Drawing 6 is the explanatory view of a manufacturing installation used in the example 1. 



[Translation done.] 
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